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I. Introduction 

The purpose of this rescarcli was to study the niaenctic, velocity, and 
briglilness structure of nolnr faculac in conjunction with the LPSP - team of 
the OSO-8 satellite, Tlie research involved improved facular models and analysis 
of spacecraft and groundbnaed data, As part of thi.s research, a trip was made 
to France by the PI for the purpose of continuing the data analysis at the Ob- 
servatoire dc Paris, Meudon. The research under tl\is grant has proceeded along 
two directions: 

(a) the improvement of scmi-empirical models of faculae to determine the 
strength and shape of the magnetic field and 

(b) the development of an improved data base, including space-and ground- 
based data, to improve facular models. 

II. Facular Models 

An isiproved facular model is presented as Appondiit A, This model is based 
pi*imarily on spectral data using mostly weak (20 - 65 mA Eq. W. ) Fraunhofer lines. 
Tl»e model, 71UA/HSRASP j shows a large temperature excess in the upper layers, 
near the height of the limb, of 800K and a magnetic field strength of 411 gauss. 

The temperature in the facular flux tube bee. mes less than that in the photo- 
sherc at a depth of -100km and this temperature deficit increases with depth to 
about -5800 k at a depth of 100km below t^qqq “ 1 iu the quiet sun. The cross- 
sectional area of the flux tube increases with height, The diameter given in 
Tabic 3 of Appendix A was determined from pressure balance, AP = and neglect 

of the change in angle of the field lines as they diverge upwards. Subsequent 
calculations, not yet completed, show that only the geometry in the highest 
layers are affected (and then not too greatly) when allowance, is made for the 
curvature of the magnetic field linos. The. effect of including the angle of 
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(livergancG of the field lines is that tl»c flux tube must remain of smaller erosd” 

section and thus noc diverge so rijpidly compared to the case of simple h^/8ir 

pressure balance. In other words, the effects of jnagnetic tension arc such that 

the flux tube must be. made more uniform with height in order to insure pressure 

equilibrium. For example, Cor the model 7I51A/I1SUASP, the radius of the flux 

tijbe without regard for tension forces is about A50km at a height of 600km. 

Correcting this radius for tension forces causes the radius to decrease to about 

300km at the same height. At a height of 200km the change is only about 10km 

in a radius of I20kra or abo. t an 8% decrease. 

A cross-section of this model is shown in Figure 1. The solid line is the 

result of ignoring tension forces and is given by h^/8ir “ where P^^^ 

and ere the external and internal gat pressures, respectively. Tlic smaller 

cross-section v^ith the long dashes is the result of 10 iterations on the magnetic 

9B 

flux density, including tension forces. Wc assume that i- f(r) and ® ^ • 

At each ‘iteration the shape of the flux tube X'las fitted to a polynomial and for 
a chosen flux the equations of hicke (eq. 22, 1970) were used to modify the mag- 
netic field to achieve a flux tube shape more nearly in pressure equilibrium. 

The relation used was 

<s,.> . - . 

The brackets indicate averages over the cross section of the flux tube. Since 
these tubes deviate only slowly from right circular cylinders, the material density 
was obtained from hydrostatic equilibrium. 

Appendix B shows the section of the computer program that implements the above 
procedure. The future pursuit of this problem should make use of possible non- 
hydrostatic models, provided further constraints or boundary conditions can be 
found from observations. 
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HI. OSO-8 Data Uoduction 

This part o£ the project has not been conipletet!. We are waiting for further 
data reduction of OSO-8 data from the Ll’SP experiment. A paper has been prepared 
based on the ground-based magnPtogram.s obtained at Kitt Peak Notional Observatory 
(Appendix li). A small but useable set of spacecraft data was identified during 
my 1978 visit to France, but funding and personnel problems have hindered the 
completion of data reduction. 

It is hoped that at some, print in the future the analysis of the selected 
OSO-8 data can be completed. We will attempt to obtain quantitative correlations 
between the intensity at various wavelengths in the Mgll h and k and Call 
H and K lines with magnetic flux from the KPKO data. 

IV, Ground-based data on Faculae 

We also need information on continuum radiation leases. For this we have 
used data from on Extreme Lis\b Photometer at the San Fernando Observatory. This 
data was limited to large angles from the vertical so we do not have complete 
coverage of the continuvim radiation field. In order to separate out the effects 
of sunspots these were studied near the center of the disk and the data presented 
by sunspot area. The preliminary results have been published as changes in the 
solar constant in Ap, J. 242. It was found that faculac near the limb produced 
an excess brightness of 3-4 x 10 ^ averaged over the plage area and sunspots 
produced a decrease of 62% over the sunspot area. This data can be used later 
to compare with the magnetic flux of the corresponding active region to look 
for a correlation with magnetic flux. 
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ABSTRACT 

A new .semicmpirical model of phrsissspherie laculae is’ presenied itt talvuLtr form. In an earlier 
paper (Chapman) a prcliminavy version olThis model was used to eonsiriici line profiles that were 
compared with observations. The mapf tie field is estimated from hoi i/onlal piessme equilibrium 
without tension forces, The peomeiry of the lUix tube is determined from this estimated mapnelie 
field and an assumed tins of •L4 10^’ gauss cm*. 'I'he model is discussed in telatiun to recent 

observations. 

Subject lieutHnss: Sim: atmosphere • - Sun. riieiilac=’ Sun: magnetic fieULs 


I. INTUOnUCTlON 

A number of semiempirieal morlels of solar faciilae 
have been consiiucb'd w hieh incorporaic certain im- 
provements over catT.er models (Chapman 1970). For 
example, the model from tlte 1970 paper did not 
include the elleels of a magnetic field in the horizontal 
pressure balanee, whereas newer models have a 
vertically varying magnetic fielil to acliicve pressure 
balance. 

There is consideiabie evidence that the magnetic 
licitl Ins a hori.nmtal scale comparable to the filigree 
and is probably eospaiial with the thermal perturba- 
lion. Much of this evidence was reviewed by Harvey 
(1977). In their recent analysis, Tarbell and Title (1 977) 
indicated that liligree and the small-scale magnetic 
field arc cospatial to within less than T. Spectra 
presented by Koutchmy and Stellmaclicr (197S) sup- 
port this correlaiion, altltough the authors argue that 
the brightne.ss magnetic field correlation may not be 
good at the sub-aresec level. 

Parker (1976) demonstrated that only a cooling of 
the ga.s in tlte fiux lube can result in conimement of the 
field to the currently accepted value of about 1.5 kilo- 
gauss (li^OmT). This cooling could come about by 
blocking of heal iransivori across magnetic field line.s 
as argued by .Spruit (1977) or by g.eneration of MUD 
waves as proposeil by Parker (1974). 4 he use of 
von Zcipci’s titeorem by Dickc (1970) led him to a 
formalism in which there is u strong relation between 
the temperature c.\cess (or deficit) and the topology of 
the magnetic field. 

The model presented here is a refinement and 
extension of the one u.sed in Chapman (1977) and 
labeled 7B13/IISRA. This model was based on line 
profile measurements to a imiclt greater extent than 
the c.arlier 1970 model. In addition, the elTect of a 
strong magnetic field and its viirialion with height were 
used in calculating line profiles. In this paper vyc wish 
to discuss this model in more detail and to point out 
possible improvements. In it II we present the models 
and some of the assumptions used in them. In §111 


we discuss limitations in and possible improvements to 
the model 7BI4,1LSRASP. 

11. I'lU.St NTATlON 01' HUSULTS 

Faeiilar models are developed from a photospheric 
model. Tlte photospheric motlel used here is an exten- 
sion of the ILSRA (Gingcrieh et oh 1971) made by 
maiebiiig the convection-zone model of Spruit (1974) 
at the TsooeA " ' 2 level. We require a phoio.spheric 
model that gnes beyond the dcptli of the 1 iSRA model 
because of tlte downward .shifts of the facular modvl ■■ 
with respect to the photosphere required for pressure 
balancing. Titis extended model, vvliich goes to 
Tf.non "• 500 (Z 255 km), is referred to as the 
HSRASP, 'fhat part which dilTers from the IISRA is 
given in Table 1, 

Facnlar models arc defined by a AJ’ versiis rjsoooA 
relation, where A/ ./tKcuiiu' "* 2i,iiou.Ki|iiun>tt< Jins rela- 
tion must be determined by trial and error .since the 
details ofenergy transport arc unknown. I'igure I gives 
the ?' versus t relation for the IISRA, Spruit's convec- 
tion zone, and several faeiilar models’. Also shown arc 
two crude intergranular lane models made vvithoiU 
regard to kinematics. Tabic 2 gives the actual values 
of temperature used in constructing facular model 
7B14/MSRASP. 

Given a 7’ versus t relation, a facular model is 
formed by integrating the equation of hydrostatic 
equilibrium downward from tmooa lO Tlie 
opacity is due to H * and atomic hydrogen ns given 
by tlte computer codes of Carbon and Gingcrieh 
(1 969). The equation of state is given by computer 
codes from Mihalas (1967) and made available by 
Dr. J. Hca.sley. Before integrating ilic facular model, 
the fi!'’Ular and photospheric models are interpolated 
onto a scale uniform in 0.05 log r so that each model 
will have 1 55 levels, This degree of fineness helps in 
later ray-tracing. 

After liie ficnlar model is generated on a r-scale in 
common with that of the photosphere, we must change 
the basis from optical depth to geometrical depth and 
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Norii." The imils used arc qis willi t (optical depth) at 5000 T (temperature), P (pressure), PE (electron pressure), /> (mass 
density), and Z (geometrical depth), 


quite small. We have adopted <j> 4.4 x 10‘’ gauss 

cm- (Mehltrettcf 1974). 

For most models investigated, vertical shift)? of 
about 150 km downward at to.sm,,, =’ 1 arc required to 
have the internal gas pressure le,ss than the extoinal. 
This shift corresponds to a Wilson depression in sitn* 
spot models and is present in the models of Spruit 
0976).Thc magnetic Held strength at /ii ■- Ofro.s'’" » 1) 
is typically near 1500 gauss. 

Table 3 presents the facular model 7ni4/HSRASP, 
which is essentially the .same as facular model 71)13/ 
HSRA given in Chapman (1977) but e.xicnded to 
greater geometric depth. 

We have experimented with other models for the 
photosphere to determine the efTccl on deduced 
magnetic field strength. An extreme variant on the 
photosphere might be an intergranular laue. We have 
generated a facular model from an intergranular 
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shift the facular model downward to obtain ho», ntal 
pressure balance. Tae minimum shift is iiUrodueed so 
as to keep the facular gas pressure at each deinh loss 
than the corresponding photosphcric gas pressure. The 
pressure diflcrcnce gives a preSiminary estimate of the 
magnetic field through 

B - [Sn(P.u - 

The temperature dinercncc,A7X?^) = ’ 7)(Z) - 7Vi,(2), 
on a depth scale is also determined. The shape of tiie 
flux tube is defined by the assumed magnetic flux and 


Jt(Z) « 


7rB{Z) 


m 


This relation neglects the spreading with heiglu of the 
magnetic flux tube. Except for the upper levels, the 
error in tube radius caused by this last assumption is 
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J'la. I.- Tcmpcralurc versus opiic.-il depth tu 5000 A. The canveclion-7onc model of Spruit Is joined .nt t » 2 to the HSRA nnd 
thccoin'uincd photosphcrie model isc.illcd IISRASP (sceTtihlc I). ’IhcfacularmodelVUM Is eventually placed on a common depth 
scale with the HSRASP and the depth scales shifted relative to each other (sec Table 3). 


region model called INGRAN 2 which has a contrast, 
with respect to the HSR A, of ~ 10% at disk center 
falling to zero contrast for /a 5 = cos 0 ^ 0.3. 

The magnetic field atui temperature excess for 
facular model 7B14/1NGRAN 2 arc less than for the 
mode! » of Tabic 3 derived from the HSRA. 1‘or 
example, the magnetic field strength at Z 0 is 
1340 gauss and the temperature excess at 2 a -31.5 
km, the approximate “height of the limb,” is abotit 
709 K compared to 151 1 gauss and 760 K, respectively, 
for facular model 7B14/HSRASP. 

We confirm the importance of the “hot wall” elTecl 
described by Spruit (1976) to the continuum contrast 
of faculac. This elVcct .'.scribes the exccaa brightness of 
faculac near the limb to the enhanced visibility of the 
deeper (hence hotter) layers of the photosphere .seen 
through the optically thin flux tubes. The flux tubes 
arc optically thin because of the lower mass density 
which is required by horizontal pressure balance, 
ilowever, the “hot wall" at the edge of the flux tube 
cannot be seen very near the limb because of geomet- 
rical foreshortening. Hence continuum limb darkening 
evidence for the existence of a temperature enhance- 
ment in the upper levels of faculac may depend 
critically on the contrast in the region 0.2 < /a ^ 0. 

III. DISCUSSION 

These facular models have the genera! characteristics 
described by Parker (1976) and by Spruit (1976), 
namely, that the magnetic field is conlined by a deficit 
in the gas pressure which is itself caused by a tempera- 
ture deficit in the deeper layers. An understanding of 
how this condition is brought about is not yet within 
our grasp. Two alternate explanations arc cooling by 
wave generation (Parker 1976; Roberts 1976) and 
blocking of heat flow (.Spruit 1977). We need more 
data in order to test these two hypotheses. 


The temperature deficit in the deeper layers should 
be obscrv'.iblc as darkcr-than-average features at 1.64 
/Aiii. Worden (1975) lias reported evidence for a 
50-500 K temperature deficit in facular structures in 
observatioiia at this wavelength. The temperature 
range indicates the uncertainty in corrections caused 
by low spatial resolution. 

It has been suggested (Chapman 1974) that for 
sufficiently large flux, about 4 x 10'® to 6 x 10'® 
gauss cm®, the magnetic structure begins to behave 
more like a pore than a facula. Below this flux boujid- 
ary, facular structure may not depend strongly on 
magnetic flux. This behavior is supported by obser- 
vations of f'Tazicr (1978) which show that the excess 
brightness flux in the core of the 5250.2 A line is 
linearly related to the measured magnetic flux up to 
magnetic flux levels of 40GWb (4 x 10'® maxwells). 

On the other hand. Spruit (1977) has presented 
evidence which suggests that faculac vary in structure 
according to their size (used as a measure of flux). 
Better observations arc needed which can accurately 
measure the magnetic (lux of individual flux tubes. 

These facular models arc not structurally self- 
consistent because magnetic tension forces have not 
been included. We arc attempting to determine the 
influence for simple flux-tube configurations. The 
formalism is adapted from Dickc (1970), who shows 
from von Zcipcl’s theorem that magnetic and velocity 
stresses in the photosphere will lead to perturbations 
in the pressure, density, and temperature. We will 
include the clVect of steady flows such as that given by 
Giovanelli and Slaughter (1978), However, we will 
require much better knowledge of boundary conditions 
before we can hope to obtain the true shape of the 
field in a self-consistent model. 

There has been some discussion of the need for two- 
dimensional radiative transfer in calculating emergent 
intensities. Stcnholm and Stenllo (1977) have shown 
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how, for certain non~LTE situations, one can produce 
an intensity enhancement in the cores of weak lines 
for flux-tube models having no temperature enhance- 
ment. For their intermediate cases about onc-fourlJ* 
to one-third of the observed weak-line contrast was 
produced. Their results imply that some temperature 
enhancement is still required to produce observed line 
weakenings. In any ease observations in the wing of 
the Kline (Hcaslcy, Knecr. and Chapman 1977), in the 
CN bandhead at A = 3883 A, and in the far-infrared 
(Hudson 1975) strongly support a temperature 
enhancement for faculac. 

Furthermore, Mihalas, Auer, and Mihalas (1978) 
have shown that horizontal radiative transfer will 
probably not lead to intensity enhancements for an 
embedded (lux tube, but rather the atmosphere will 
achieve some kind of radiative average. The emergent 
intensity will then be composed of contributions from 
each part of the atmosphere, depending on the 
geometry of the flux tube and the line of sigltt. 

We have assumed that the brightness and .nagnctic 
field of a facula arc cospatial. A .spectrum of a facula 


(Fig. 12 of Koutchmy and Stcllmachcr 1978) showed 
that, although the intensity variation and magnetic 
field strength were not e,xactly correlated within the 
facula, their boundaries correlated quite well. The 
similarity between the intensity and magnetic contours 
is more impressive than the difl'crence. This spectrum 
also showed no evidence for a vclochy in the facula, 
although considerable evidence exists for velocities in 
some faculac (Harvey 1977). 

We believe that faculac and filigree arc basically the 
same phenomenon but seen at different parts of the 
disk. This view is supported by ob,scrvations from 
Sacramento Peak Observatory (1977 August), which 
show the spatial similarity near the limb between 
filigree and faculac. We believe that the morphological 
difl’crences between filigree far from the limb and 
faculac near the limb, discussed by Mullcr(1975, 1977), 
arc due simply to geometry, 

The facular model presented here is intended as a 
tool to help in understanding small-scale magnetic 
fields. It may be a guide in the search for a proper 
physical treatment of flux tubes, but it is not meant to 
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be a substiUilc for a proper phy.sical model. It is not 
intended that the present model be used , above a height 
of 200 km {7. « -200 km). 

Considerable uncertainty exists concerning the 
spreading of the magnetic held in the upper layers. The 
size of the (lux tube in tl’icse layers will depend on the 
magnitude of the Wilson depression and (he inclusion 
of tension forces. High-rcsolution (ilicrgrams in the K 
line and in the EUl', together wiili magnetic held data 
for the region of the temperature minimum, could be 
very iiclpful in extemling fucular models losvard the 
chromosphere. Balloon-based observations (Mersd 
1977; Htrayama 1978) can help in studying the time- 


dependent behavior by obtaining long periods of 
undistoricd cinematography, Mnally, more work is 
needed on tile energy how both radiative and non- 
radiativc before satisfactory modeht of faculac can be 
constructed. 
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^‘AU1AY1()^’H IN S01,.\R CONSTANT DCK TO SOLAR ACTIVK Rl-RUONS 


G. A. CilAl'M.VN 

Han iTriiamlu Uhsitvainry nnil DeiiiUimfiii of I'liysics ami Asuonoiny, Culiforuia Slate I’luvernlly. Nm tlulilite 

AViViVfi/ IvTXJitlydSitmei'Uil im) Aiinusl it 

ABSTRACT 

Solar luHivily is esiiciTed to iilTei t Uie solar conslanl at soim* level. Receiil oliservalioiis anti data 
anal\ his show the atnoioU of vari.ilion to he expeclal from active regions, factilae, and svinspols 
on the apparent .solar hriuhlness. It is ctmchuled that the ma\innmi eflVcl is ahout 20 times 
greater for sunspots than for factilae per unit area, llecatise facttlar areas are 25*. U) times those for 
sunspots, the elTect on the solar constant of factilae anil stmsimls is approNimately etpial and op» 
jjosite, being typically in the neighhoihood of 40 tOO jiarts |ier milliim (ppiiiL hut on occasion able 
to reach over 200 ppi’u. The issue of energy balance is not discussed here, for it requires further data- 
.analysis as well a.s information on the facular ami sunspot limb darkening. 

Subjects heatliuss: Sunt activity »*“ Sun: factilae — Sum sunspots 


1. INTKOnUCTtON 

Sunspots and factilae are the most easily seen cITects 
of solar active regions. Sunspots are best seen in the 
ceiitrul regions of the solar disk, whereas factilae are 
best seen near the .solar limb. Because their intensities 
arc dilTerent functions of viewing angle, sunspots anil 
factilae could can e small changes in the solar constant, 
even if the solar luminosity is constant. Abbot (R).sS) 
claimed to have detecteil a 2f'<, decrease in the solar 
constant coincitling within a few days of the central 
disk |)iissage of a large sunsiiot. Siiclv a large elTecl 
seems unlikely, as was pointed out by Smith and 
Gottlieb (1074). The analysis of Smithsonian ami 
Mariner 6 and 7 ilativ by Foukal, Mack, and Vernasza 
(1977) showed that, down to a level of 3 X H) ■*, sun- 
spots should have an imperceptible ciTcct on the solar 
constant. They akso found that factilae should cause an 
increase in the solar constant at a level of ap|)roxi- 
nmtely 7 X U) although this result was not statis- 
tically signilicunt at the 2 a level. More recently, I'oiikal 
and Vernaana (1079) found in correlation analysis a 
clear indication of solar activity in the Smithsonian 
data at a level of ahout 3 X due to the presence of 
factilae ami sunspots, 

'J'hcrc have hcen very few observations of the 
spatially integrated excc.ss brightness of sunsinils and 
fuculac. Recently, Livingston (I978<i) has inferred a 
possible inercase'in the solar brigbtne.ss due to factilae 
of about 3 X Uf ’(A?' »» +4 K). This incre.’tsc was in- 
ferred from seeing two jieaks, in liis .spectral-line 
monitor program, separated by about 14 days. These 
peaks were correlated with factilae at opposite limbs. 
Jlowever, with increased solar activity, from 1975 
through 1977 there appeared to be a global cooling 
trend, A.V/,S‘ r, —5 x 10 Livingston (19786) rejiorls 
that with increasing activity the facular modulation 
has become less clear. 'J'o determine more clearly the 
effects of factilae ami sun.spois on the solar brightness 
one needs ilirect measurements of these features re- 
solved again.st the solar disk. 


^'bo data presented here have lieen converted into 
solar constant variations by assuming that the bright- 
ness variations associated with sunspots ami factilae 
arc not compensated by changes in the energy oulpiil 
of the quiet Ktm. .Several possibilities exist for the re* 
distriliution (caused by solar iicllvity) of the How- tif 
heat. First, titere coukl be a sleatly state Ilow in which 
the llu.N blocked by sunspots is instead radiatetl away 
by facuiae. Because of their dilTerent ceiuer-to-linib 
contrast bclnivior, one would expect to see a change in 
the solar constant even though the solar luminosity 
was conslanl. Second, the convection zone could be a 
reservoir for storing heat blocked by sunspots or releas- 
ing heat for radiation by fnculac. In this case llie solar 
constant would change, and .some of that change 
(though not ncce.ssarily all) would correspond to a 
change in luminosity, Finally, the energy blocked by 
sunspots could rcaiipear “promptly” as increased radia- 
tion from the surrounding photosphere. In the case of 
facuiae this prompt readjustment in the heat lliix from 
the quiet Sun would result iu a change in the solar con- 
stant since facuiae will redistribute the direction of 
their radiation. 

In this Letter wc spccirieally assume the first proposi- 
tion. Under the other possibilities tliere should be varia- 
tions in the solar constant due to .solar activity, but 
their quantitative determination by areal photometry 
becomes considerably more difliciill. 

ir. THK 01»SKRVATI0N.S 
a) Instrumental Teclmiijues 

The Extreme Limb Photometer (ELP) lias been 
tle.scribed el.sewhere ((’Impman 1975), hut we will re- 
view the descri|)lion. Observations are oblaineil of 
facuiae and sunspots by sw’eeping across them with a 
rotary scanner wltose .3" X 38" slits are aligned along 
radii.’ 'J'he data are normalized by the ccivtral intensity 
of the solar disk. .Measurements in 1975 were often ob- 
tained in five color.s, 0.43, 0.52, 0.06, 0.79, and l.Ol /on, 
and the color dei>emlenco of facuiae was described by 
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('hupnv.in and MohI mcasurinnents 

from 10" I and 1'>7S were olilaini’il in llu* I'twn fX « 
O..S2 /im) with a bandpahH of 008 /nn. In § HI \U‘ dis- 
cuss botonu’tric corrccliims to Uie inonmUromatic 
cliauKcs in hiightness reported here. 

NViien an active region "as at or near llu> limb, the 
KLP was centered on the solar disk so that the uper- 
ture.s .scanned the limb. I'm* active region.s away from 
tile limb, the KLV was moved so that one aperture 
mapped out the active rei'inn as .seen on real time 
readouts 'rhe sensitivity of the photometer to a 
localised biit'hlne.s.s chaime "hen the photometer was 
Sun centered "as about I X H) as a fraction of the 
mean disk brightness. The smallest value observed for 
a h)cali/ed bri”htne.ss change, at X U,$2 (im, wa.s 
6 X 10 * averaged only over the observetl facular area. 


b) The Data 

A number of sunspots and facular regions were ob- 
served during 1071 and l‘)75. A selection from that 
data set is collected here. 'I'hc photometer .signal fe a 
portion of an azimuthal scan which contains 201H steps 
for 360® of rotation. The .slmiilest signal to analyze is 
that for Hun-centered operation when the apertures -are 
made to scan the evireme solar limb. The integrated 
intensity esccss or dellcit is given by 

^(1) “ mnmmro -* rd , (1) 


where r, is the inner edge of an aperture, to is the outer 
edge or the solar limb, and (/) is the inean value of the 
brightness of the (piiet Sun (no active regioid. The 
integration is iierformed only over the active region. 
Since is digital, we apjiro.\imate the integral by 
the sum 


M 2r 

' V {1) ’ 


( 2 ) 


where Mi => /, — (/), The factor 2ir/20tS converts the 
result into radian measure. 'I’he fractiomd change in the 
solar brightne.ss Mi/H is approximately given, neglect- 
ing (5/K)\ by 


Mi I (/> M 

7"” "</>“’ 


(3) 


where J is the mean brightne.ss of tlte solar disk (.Allen 
1973), S ^ r„ — r,, / is tlie aiierlurc length, anti R is 
the .solar radius. We can express a change in .solar 
brightness iti terms of an apparent .solar ohlnteness in- 
duced by faculae. Apparent ohlateness was given in 
Figure .Vof Chapinan tl975) in units of quadrants. To 
express tltcsc values in terms of solar brigluness changes 
wc wise 
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A typical v.ilue of the quantity in brackets for the 1974 
observing season was 0.53, The largest hrighlncss 
change from 197-1 was apiiroximatcly 6 X 10 ^ 


T« map out ill! of an active region, away from the 
limb, requires moving the tele.sco|)e between sets of 
.scans by the lengtli of the M.uming aperture 38", 
Several acliw regions were mapped by .sets of scans 
during 1975, but the analysis has not bem completed; 
hence most of tlie data discusscit are from bun ceiilcrcd 
oliscrva lions, beans containing sunspot.s have laen only 
partially analyz.eil. 

A typical example of a sunspot scan will be discussed. 
A large single sunspot, Mount Wilson 19118, was 
seanned on 197-1 ;\ngu,.l 9. This sunspot had an area of 
3.10 * of a lu niisplu-re, acconling to the Rohr Cleo> 
pliyikiil Iktu and was not far from the center of the 
solar disk. We measin cd a mean contrast of -“-0.221 over 
an interval of 20 .siep.s of the KLI'. Converting this 
contrast to an apparent change in brightness of the 
solar disk, we have 


' A7J N A/ ^ (/) .li;i,e 

rnyr '{if ^ r ^ vr' 


(5)' 


The t|uanUlv (7),'/ (/)»'/„(/„ '7), where (7)/7» «• 

0.975 and h/I ^ 1/0.8(K) -at X r- 0.5S ,on (Allen 1973). 
Tlie area encompa.ssed by 20 ste]is near disk Center is 
.h.u* « 1.19 X 10'* dll'. Wc Uuis liave from equation 


^2,\2XiQ’*. ( 6 ) 


z\n c.stimale of Mi/li based on typical .sunspot bright- 
ness and the above-mentioned an-a of 3.10=* gives 
Mi/li " —1.1 X 10’*, a factor of 2 less than that of 
equation (6). 

'ruble 1 pre.senl.s the apparent change in the solar 
brightness at X » 0..52 gm due to the presence of 


TAltl.K I 

Solar Bkiciitkkss Cuanvis Di-k to Acitvk 
.UC.OIONB NUAK THK I.IMU IN 1975 



&it/n 

McMnth No, McMath 

Date 

(10‘) 

(13000 -H 

ArciV* 

July 

l-l 

37.0 

766, 767 

2600, 500 

IS 

28. S 

766, 750 

3000, 2900 

August 

9..... 

27. -t 

796 

700 

10 

88.7 

796, 786 

1.500,4,800 

11 

28.9 

786 

2(KK) 

13..... 

11.2 

790 

4.500 

M 

63.? 

7'K) 

4800 

IS 

37 .V 

790 

• • » 

16...,. 

18..S 

808, 7‘X) 

8000, 1000 

25, .... 

4-1.2 

820 

9(X) 

26...., 

28.6 

820 

2500 

27..... 

13.4 

820 

2000 

2R,.... 

25.2 

826 

8(X) 

29 

45.1 

826, 818 

* • 

.W 

94,7 

826,818 

... 


III millumllis of 11 licmispliore, 


VAHIATIUNH .SOLAR (’OX.S'l'ANT 


1.47 


No. I, 1980 

fiu’uliu* ill l!ii‘ limb. The v.ul.iliims are all pohitive, even 
llmu('h Kunspolb are humelinuN pu.senl, beeause al the 
limb fiunilae are usually mure visible than humpots. 

i’he lesultH are the .sum of the luo IsLP ajiei lures 
ami tm .some d.iy.s are the eombiu.ilitm of two aetive 
regions at opposite limbs. The outer aperture eovered 
from the .sky to U>" inside the limb, and the other cov- 
ered the disk from to" to 81" inside the limb. The 
larpesi brightness change is on 19".s .Vvu'Usl .h), with a 
ehanj'e of 0..S X U) The iman briRlilness evcess for 
the 1.8 days indicated in Table I is (.59,8 i. O.-ll X 10 

'I'able 2 pive.s apparent brii;htness ehannes expu lecl 
from a .sunspot observed on three suece.ssive days, 197.8 
July 18, 19, aiul .’O-Thestinspot was .Mount Wilson .889, 
which wan emlieilded in the active rej'ion .Me.Math 
ld76h. For the three .successive days, the mean britdil- 
ness change^ was — (M0.(» d, 1,7) X 10 ", where the 
uncertainty is the standard deviation of the mean. 'I'lie 
area for the.se same three days was 2,20 ^ (.SWiir Gco' 
pliyshti Dahl 197.8). It is interesting that on July 20 
the brighlne.ss change was independent of the area 
.scanned. 'I'his observation needs to be conlirmed, but 
it may permit one to set limits on the redrstrilmtion of 
energy in the cpiiet photosphere around the sunspot. 

in, Dist’imsioK 

The change.s in apparent .solar brightness are for a 
wavelength baml centered at 0..82nm. We would like 
to know the elTecIs of this brightne.ss change on bol.i- 
melric measurements of the solar output. For this ])ur- 
pose we have calculated the nuige of possible correc- 
tions to the monochromatic brightness changes by con- 
sidering the bolomelric and monochromatic contrast 
of repre.senlative blackbodies at •lOlH) K and at 6100 K 
with rc.specl to ,8800 K, which represents the quiet Sun. 
The temperature of 0 100 K ccprc.sents an extreme model 
for a facular region, whereas •ItKlO K rejrrcsenls a sun- 
spot (these temiieratures are illustrative only). The 
results arc summarised in 'Fable .5. I'or these tempera- 
ture ratios, the monochromatic contrast must be de- 
creased by about 14% to give the bolometrie contrast. 
Considering other sourr 2 s of uncertainly, we consider 
the uncertainty in these corrections to be of small im- 
portance. If the temiieratures of faculac or sunspots are 
closer to the quiet Sun than as.sumed here, tlien the 


TABLK 2 

Ukichtksss (’hanoks Dec to a Scnsi'Ot neak 
Disk Center (Mmml Wilson .889) 


TliUc 

197.8 

File 

Nimiher 

RU> 

Steps 

cos 0 


Aren* 

JuryTs.T.T.” 

12 

.82 

0.9.8 

-1..89 

~"2So' 


17 

30 

» » . 

“1.42 

* , 

Jul.v 19 

l.t 

18 

0.98 

-1.40 

170 


19 

18 

. . t 

-1.44 

, , , 

July 20 

10 

40 

0.«7 

“1..30 


Spot only''., , 

10 

13 

0.97 

-1..37 

, . . 


" Snhu denfiliyuciil Iklti in nnllioiUlts of n hemisplifre. 
.88' X 88' .scnmri' nre.a inctwling spot. 


'I'Altl.R .8 

.MONlK lIHOilVlie ANI» ItmOilCl'RlC CoNf RANTS 
Rei ative to a 111 acmrwv «\T .88(K) R 



AKO O.i 

■•2 Microns 


2‘lR) 



t’orr. 

FiWioi* 

ollHI . . 

4 (i..87l 

""dO.483 

o.sio’ 

41HXI . , 

-41.881 

•0.774 

0 870 


* Not n sJ.Aiul.inl hulomelric cornclkm. 

bolomelric corrections will also be smaller than as- 
.sunud lure. Thus in the alcsence of any comiieiusaling 
effect, the variations in the .solar constant should be 
approximately Sh'.’j*. of the values of A/I//J given in 
'Fables 1 ami 2. 

We have referreil to changes in solar brightness 
rather than luminosity in order to avoid implying that 
the actual solar output change.s with lime. Tlie change 
in solar luminosity must be inferred fiom knowledge of 
the radiative energy balance between sunspots and 
faculac. If there were energy bahtnee between sunspots 
and faculac, we would still e.xpecl to see changes in the 
solar brighlne.ss because of their difit'ent cenier-to- 
limb contrasts. 

In order for there to he no brightness change due to 
active regions would require the quiet Sun to redis- 
tribute the energy blocked by sunspots with no time 
delay. 'J'his energy would have to be emitted with the 
same angular dependence as that of the quiet photo- 
sphere and couUhiot look like faculac. 

From a statistical analysis of the Smillisonian data 
on the solar constant, iMuikal and N’ernazaa (1979) have 
fouiul a variation due to faculac al a level of about .5 X 
10 ■*. 'Fhey also found a possible time lag of about 1 d.ay 
between the decrease in the .solar constant and the 
appearance of a sunspot, and they di.sciussed the im- 
plications of the time lag on the depth of the convection 
aonc. 

'Fhus, from the Abbot-Smithsonian data analyzed by 
F'oukal and \'erna/.za (1979), it seems likely thk there 
are solar brightne.ss changes. Assuming no change in 
the (luiet Sun, we lind that sunspots produce a change 
in solar brightne.ss of 

.^»«6,2X 10-M., (7) 

where .4, is the spot area in fractions of a hemi.spherc. 
'Fins relation implies that for spot areas of 2 X 10 " one 
would expect a brightne.ss deficit of about 1.2 X 10~’, 
ignoring the effects of faculac. 'Fhis value Is within the 
limit.s set by the Ximlnis data quoted by Foukal and 
Vernazza (1979). 

F'aculae cause a solar brightness c.xce.ss of 

- ~ ^ (3.0 4.0) X 10-^4 , (8) 

where .IpinK,, is the plage area in fractions of the hemi- 
sphere. 'Fhe maximum change to be expected, based on 
large plage areas, is about 1 X 10 " for facular regions 
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near llie limb. Fur fai’ular n-j*! lU'. mar ilisU cciHer, the 
Inif'hliu'ss csics*4 will be ulunit 10 time's le.w (Chaimian 
iiml Rlabuiuk i'bM); KKumanieb. 8m\ the. ami I'raaier 
lb#S). The umertaiiily in equaliiiii (S) is ibie b> imom. 
pleti cnveraKe of the larger faeular regions. 'I'liis tin 
eertitinty can be_ narrowed b\- an analysis of idioio- 
graphs of the at, live regions 

('onsidering that f.utd.te anil sunspots have opposite 
elTeels on the .solar brigluness. one would estimate that 
the aver.ige elTu l fiom Initb would lie about one half 
of (be eslreme, or about i ,*i or 0 X 10 ^ This value is 
in good -agreement with the results of I'otikal and 
Vernaaaa'.s (lOFl) study of the Abbot Smithsonian 
data. 

The tpieslion of ihtv balanee will be diseussed in a 
fortheoming papir after further data anal.rsis. Pies- 
ciuly, it appe.trs that the llu\ delieit due to sunspots 
may be baiaiteed by the llu'c eveess of farulac. If true, 
one .still expects to see the hrighlness variations 
(Ie.serilied here. 

The active c:tvily radiometer on i]w Solar Maximum 
Mission .spacecraft has deteeterl variations in the solar 
constant of approximately A 3 X lU ^ (Willson I'WO). 
These variations are in the range to be expected from 
solar activity, and it will be desirable to compare sucli 
observations with changes caused by faculae and suu" 
.siiots. 

One might ask at what positions on the solar disk do 
sunspots and faculae make their greate.st contributions 
to brighlne.ss changes? The maximum contrast of sun 
spots is at the disk center (Zwaan WM) and the maxi- 
mum coiitrast of faculae is near the limb. The enniribu ■ 
tion of an active region depends on this contrast but 
also on the projected area and (he nearby quiel-Sun 
brightness (ef. eqs. {.<1 and (S]). 'I'he area of an active 
region depends on m. and the quiet- Sunbrighlness varies 
crudely like g. We suggest that w bile sun.spots have their 
maximum contribution at /i ^ l, the position where fac- 
idae make their maximum contribution is not yet cer- 


tain. Adapting equation (.'ll, we examine the possible 
variation of 


Af </) , 


W 


A preliminary e.xtne..sion for the llrst fraction is 

bin ' rt) , 0 < a < 1 (10) 


(Chaiiman and Klabimde 1‘WO). The secoml term is 
composed of 


<0 h 
hi ' 


( 11 ) 


where (O 'h is approximately equal to g over much of 
the solar disk, h'inally, .Iru' is proportional to g, so 
that equation (d) is proportional to 

• - «) . (12) 

If (I c 0, then facidae contribute most when at disk 
center (/i ' 1). If a " 1, then faculae contribute most 
at n f- .J, which occurs ’-'•1) days of rotation from disk 
center. In impporl of a 1, we find that facidae are 
not clearly seen at disk center with the KbP, and sun- 
sirots give a large negative contrast. .At the limb, the 
positive faeular conlra.sl is seldom etiualled or exceeded 
by the negative sunspot contrast, i.e., faeular regions 
at the limli containing laq'e sunspots usually have a 
net positive contrast, lla.sed on data obtained in Id/d, 
we suggest preliminary values for a and b of 1 mrd 0.t)4, 
rcsiiectively. 
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1. Introduction 

The solar magnetic field (») is usually studied by observation of tlic value 
of the 1 ino~of-si(’,ht component (l)n) , (Harvey, 1977). In tlio present note we give 
preliminary results of another approach i the study of the flux of the line.- of- 
iiglit component (<?) of magnetic structercs. Our study is statistical, 

2. Kata 

To carry out this investigation, wo used observations taken with the Kitt Peak 
magnetograph (Pecker ct al., 1977). .Maps (5|2" x A50") of B„ were obtJ'ined with 
the Pel A BhS.Hf) i«n line and with an observing aperture of I" x 1". Tnc spatial 
resolution was .'ihout I", 5 to 2",^, U'e measured the flux (•)) of the ntignetic .*aruelui’eS 
limited by the , isogauss 25, where 

<1 ■ / It,, dS for B„ 5 25 gauss 

S 

The suri.iee (S) of the structures is between 6 and 2000 " x " The experimental 
error is less than 10 gauss for the given aperture. 

3. Results 

For each magnetic structure, we measured the flux (.5) through the surface (S) 

«nd obtained an empirical relation of the forme 

log (}. - c d log S (1) 

The figure shows an example for the center of the solar disk. Two conclusions 
B.iy be drawn ! i) there is no basic difference between die magnetic field in faculao 
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and in pliigfa, nml ii) a very jtronp, ruiationsliip exiiis between the flux of Bi. 
and the occupirti surface# 

In our btudy, we do not take Into account sunspots and pores, or peculiar 
regions such as bripjit X points, etc. 

The 1 ‘clation (I) retiains valid over the whole solar disk, only the constants 
changing ! 


\> 

Alt 

n 

c 

d 

r 

a 

1 

1 -0.97 

83 

1.606 

1.221 

0.992 

0,072 

0.71 

0.88-0,37 

79 

1.621 

1.275 

0,986 

0.082 

0.60 

0.71-0.68 

65 

1.529 

1.139 

0,990 

0.063 

0.35 

0.67-0 

27 

i .688 

1 . 1 66 

0.992 

0.050 


In the table, K represents the number of measured structures, r is the correlation 
coefficient and 6 is the standard deviation. 

Two corrections can be applied to the relation (I) ; the first is a correction 
for the seeinn infliienre and the sucoiuJ is for tliu influence of choice of tl>e 
boundary of the structure, i. , Ibi S 25 gauss, instead of the isogauss curve (!„ “ 0. 

The effect of the image quality is studied in two successive observations of 
the ‘iame region, one with good seeing and the rilicr with bad seeing# 'Jlie results 
show a "till" of the logaritlsnic rel.niooship hetween <l> and S, when the seeing is 
bad, 


It} t; c <J r '} 

good hi 1.3'jy I.22S Q,‘m 0.061 

b.td 90 1.397 1.317 0,987 0.087 

I rom the relation (1) and an examination of the choice of contours, wo «eu an 
important change in the value of the c constant. The relation (I) becomes : 

log v*'g - 0,36 ♦ 1.66 log S (2) 

This is the *;rue rclationsliip between ■}! and S for the center of the solar disk. 
Krora the relation (2) we can cowputo the flux tlirough a surface of 5" x 5" os done 
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l>y Mil-lit (IS79) fpt till' 1 X 52&,02 tin Una* In the prusant stuUyi ui> obuinwJ n 
vnluc i'£ 1.2 10*® MXj wliich i* li.ilf of Uiu vjluu oliwini'd liy Miilir* This distupancy 
cnn lit! t-xplninwl by ilie iact that the ivo *ec» of observations were perforifted for 
different lines. 

Me would also point out that the Hiudon ohsarvations ijivo the sane relation (1) 
and s.t'iie tonst.vntt.* even when the tcclmiijuu of ohservatfon and iho Bjicctral lines 
used are entirely difteroiu. 
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